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Th« iron-binding pseudoglobulins collectively 
05 called, transferrins or siderophllins comprise a class 
of proteins with strikingly similar features. X-ray 
erygtallographie analyses of human Xactoferrin 

(mmmon, b»f. at. aJU CXS87) £it&c.» Mtl« Aggfl., S.sl.,. 

MIX7S9-X773) arid rabbit serum transferrin 
10 (Bailey , S. at jJL, {19SS} Biochemistry 51$ 5804-5812) 
repeal that these proteins consist of two siMlar 
lobes connected by a short bridging P»tM« and that 
each lobe contains two domains defining a deep cleft 
containing the binding site for a metal ion and a 
15 synergistic anion, 

Chicken ovotransferrin gene has been expressed in 
transgenic mice (McKnight, G.S. e±, lL. {1983) Cell 
(Cambridge, MA) Mi 335-341) and a fnsion protein of 
part of rat transferrin with galacfcosidase has been 
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expressed m &» mil t*i«r<*!U a* ^fe al* 

sij^^^^ m ; mo -965) * mem 

for this fusion protein, attempts to express 
transferrin or portions of the molecule in prokaryoiie 
05 systems have been unsuccessful (Aldred, A, Ml ILLu 

The highly convoluted structure of the protein and 
large number of disulfMe bridges in the molecule are 
probably the major impediments to expression in 
10 bacterial hosts. Attempts to mimic partially the 
natural protein folding environment by targeting the 
protein for bacterial membrane transport via an 
attached alkaline phosphatase signal sequence have 
been unsuccessful. 

This "invention pertains to recombinant 
transferrin, to recombinant transferrin half- 
molecules comprising at least the metal-binding 
domains of a single lobe (amino- terminal or 

20 carboy- terminal) of transferrin and to stable cell 
culture system for expression of the transferrin. The 
recombinant transferrin can be expressed in stable , 
transformed eukaryofcic cells, such as baby hamster 
kidney cells, to yield essentially homogeneous 

25 (monodisperse) preparations of the full or 

half -molecule forms. The invention also pertains to 
mutant transferrins and transferrin half-molecules 
which have metal-binding or other properties which are 
different from the natural (wild- type} form of the 

30 transferrin. These include mutant transferrins and 
transferrin half-molecules which hind iron or other 
metals more or less avidly than natural transferrin. 
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Transferrin ha If -mo Xeeu las can be used in metal 
chelation therapy to treat individuals affected with 
abnormalities of metal regulation or with metal 
poisoning. For example, transferrin half-molecules , 

OS especially mutant forms which bind iron with a higher 
avidity than natural transferrin, can he adminlatereS 
to iron-overloaded individuals, e.g., thalassemias, in 
order to clear excess toxic iron from their foodies* 
In addition, haU-nolecules, or mutants thereof having 

10 altered metal ion selectivities, could he used to 
clear other toxic metals, «„g„, lead, mercury, 
cadmium, copper and sine from the body* 

itess^&im,M fcfts Umtrn, 

Figure 1 shows construction of the hTF/m 

IS expression vector in pM0T» A 2,S~kh cBSIA encoding 
human serum transferrin was isolated from a human 
liver cOSA library and a i,S~feb Satl/Hat fragment 
containing the complete amino-terminal domain coding 
sequence was cloned into MlSmplS, Double 

20 trans lationai stop codons and a Hindi II recognition 
sequence were introduced by site-directed mutagenesis,, 
allowing the isolation of a 8amBlVHina\UI fragment 
which, when joined to a BamBI/HpaXX fragment, encodes 
the anrino-termiaal domain and signal sequence. This 

25 fragment was cloned: into the eukaryotic expression 
vector pNUT, giving the vector pKUT~nTF/H2 « In this 
plssmid, the transferrin cBHA is under the control of 
the matallothionein promoter {MT-l pro) and the human 
growth hormone transcription termination signals 

33 .{.hGH3 «•) i pMJT also contains the SV40 early promoter 
.(SV40.) driving expression of a resistant DHFS cDHA 
(DBFS cDHA} using transcription termination signals 
from human hepatitis 8 virus (HB¥> . 



W0 92/PSS8 



™4» 



Figure 2 shows a Western Mot of i«ao~ 
precipitates from various baby hamster kidney cell 
lines. Samples of cell lysates (a) and medium (b) 
fx«m 2n~indueed cell cultures were precipitated with 

05 anti-hTP antiserum. Samples of the resuspended 

pellets were analysed by HaDodSo^-PAGE, transferred to 
nitrocellulose. sM developed with. anti-iiTF antiserum 
followed by alkaline phosphatase conjugated anti-XgC. 
the hCH-pMJT and hTF/H2~pHUT cell lines were selected 

10 in 500 v M MTX and all cell culture was performed in 
BMEH/10% fetal calf S«». hane X, EHK cells? lane 2 f 
Wm-pmm transfeoted BHK ceils? lane 3, hTP/S2-pH0T 
transfected 8HK cells. The positions of molecular 
weight markers 10-3} are indicated to the right of 

15 the blot, the position of the additional protein band 
of M r 37,000 is also indicated <<*7J to the right of 
the blot. 

Figure 3 shows the isolation and PACE analysis of 
hTF/2N. (Panel A) FPLC isolations on a column of 

20 polyanion SI of recombinant hTF/21 (upper trace) and 
proteolyticalXy derived hTP/2J? {lower trace). (Panel 
B) S'a©odS04~PAGE {§-12% gradient of acrylamide) of 
molecular weight standards (lane Mr) aad 3 pg of each 
of peaks a~d from panel A, (Panel C) 0rea~PA<3B under 

25 nonreducing conditions of the FPLC peaks a-d 
(recombinant hTF/2^ species) and peaks e~h 
(proteolytically derived hTF/2H species) from panel 
A. The positions of the apo-protein (apo) and 
iron-bound protein <Pe> are indicated. The conditions 

30 used for FPLC are given under Materials and Methods . 
FPLC fractions were pooled as follows; peak a 
(fractions 23-2?), peak b (28-31), peak c (32-38), 
peak d (39-45), peak e (28-31), peak f (32-36)., peak g 
(38-44), and peak h (46-51). 
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Figure 4 shows titration of the major for® 
recombinant &TF/2H with .10 mM Fe ( ill) (NTA) 2 . The 
amount of protein was 3,68 &280 wwlfcjs in 1.00 nsL of 10 
tm NaHO£>3 * Visible spectra wore run 5-10 minutes 

05 after each addition at iron to the magnetically 
stirred cuvette « 

Figure 5 shows proton magnetic resonance spectra 
of recombinant fe¥F/2N, (a) Fourier transform spec truss 
with a line broadening of 2 Bz, (b) Convolution 

10 difference spectrum witti a line broadening of 4 Uz and 
DC * 4.0, MS * 68 SOS. The protein sample was 8 mg in 
O.llBLof 0.1MXC1 ia 2 E 2 ®. 

Figure 6 shows the nuclear magnetic resonance 
spectrum of *-Myr recombinant hTF/2R. The figure 

15 shows a Fourier transformation with a line broadening 
of 10 Ha, ®S * 30,000, The protein sample was 6 mg in 
0,1 ®L of 0,1 M mi in % a O; the reference was 0,1 M 
trif luoroacetic acid in 2 «20. 

Figure ? shows two separate oligonucleotides used 

20 as KSR primers to create the hTF/2C coding seguenca. 
An 'SeoRI restriction fragment including coding 
sequence for the entire carboxv lobe was used as a 
template for 25 rounds of PCR amplification. 
Oligonucleotide 1 includes a SmaX recognition site and 

25 the natural hTF signal sequence at its §< end and 
matches the coding sequence for amino acids 334 -341 
of hTF at its 3' end. Oligonucleotide 2 matches 
sequence in the 3 4 untranslated region of the hTF cDHA 
and introduces a second Sisal recognition sequence at 

30 this site. 



This invention provides for the production of 
recombinant transferrin, recombinant transferrin 
half -molecules and mutant forms of full-length 

OS transferrin aai transferrin nalf-moleeules which have 
altered properties, such as improved metal-binding 
capability, compared to the natural transferrin 
molecules. Recombinant transferrins can be produced 
in large quantities and in substantially homogeneous 

$0 {mmo&im®xm) form. For example, recombinant 
half -molecules of human serum transferrin can be 
produced as an essentially homogeneous preparation 
substantially free of other human serum, proteins. In 
contrast, half-molecules prepare* by proteolysis of 

:1s the holo-protein are difficult to purify and, in fact, 
the carbw-t«r»i»al half of human transferrin cannot 
be satisfactorily prepared by proteolytic means* 
Recombinant techniques also allow the application of 
mutagenesis to design and produce new forms of 

20 transferrin. 

In general , a recombinant transferrin of this 
invention is produces by trans feet ing a suitable host 
cell with a nucleic acid construct encoding the 
transferrin, culturing the transacted host cell under 

25 conditions appropriate for expression and recovering 
the recombinant transferrin expressed by the ceil. 
The amino acid sequences for five transferrins have 
been reported {Jeltach, -J.-K. and Chamhon, P. (1982) 
Eur. J. Biocfaem, 122:29 1-295; MacGillivray, K«T*JU fit 

30 ill*. <18S3) J. Biol. Cheat. 258 i 3543-3553 ? 

Metx-Boutigue, M,-H, fit al. x . (19B4} Bur, ,J, ; BiftS&SBU 

US: 6S9-676; Xose, T,M. m Jtl« (1986) MJIil, 
Acaa , . Sci . USA 83. : 1261-1265 ; Baldwin, G.S. and 
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Meinstock, tf. {1988} Hu.gle.jg.. MlgS £&&«. 

8720-8730) » The sequence for human serum 

transferrin has been defcerariaea (Yang, F. at &JU 

{1984) Ptoc. Batl. Ac 8.6. » USA .8.1: 2752-2758) . 

OS Full-length DHA for production of recombinant 

transferrins or truncated DHA encoding either the 
amino- terminal or earboxy terminal lobe of transferrin 
or a portion thereof can be obtained from available 
sources or can be synthesized according to the known 

19 sequences fey standard procedures. In order to provide 
for secretion of the recombinant transferrin into ceil 
culture sssaium, BHA encoding a transferrin signal 
sequence (or other signal sequence suitable for the 
expression system) is positioned upstream of the 

IS transferrin encoding SM> 

Mutant forms of transferrin and transferrin 
ha if -molecules can he produced by standard technigues 
of site-directed mutagenesis. See Taylor al ■,, 
CiSSS) Nucleic Acids Ees, Xl;874S~8?64j Eoller, M.J. 

20 and Smith, M. {IS83) Meth. gyyywol 100;4S8-S60. In 
particular, mutagenesis can be used to produce mutant 
transferrins which have metal binding properties that 
are different from natural transferrin. For example, 
mutant a capable of binding iron more avidly than 

25 natural, transferrin can fee produced. To produce such 
mutants metal-binding domains can be mutagenised to 
replace one or more amino acids involved in binding 
with different, amino acids. In human serum 
transferrin, the amino acids which are li gauds for 

3D metal chelation are shown below (the number beside the 
amino acid indicates the position of the amino acid 
residue in the primary sequence where the first valine 
of the mature protein is designated position 1) 
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Amino terminal lobe 
Asps r tic acid 63 

Tyrosine §s 

05 Tyrosine 188 
Histiatns 249 



Car boxy terminal lobe 

Aspartie sold 392 

Tyrosine 426 

Tyrosine 517 

Histidine SS4 



In other types of transferrin, the nsuabering is 
different, the ligands {amino acids} are the same. 

Other regions of transferrin control .binding and 

10 these too can be targeted for mutagenesis. These are 
usually positively charged amino acids such as lysine, 
hist lain® or arginine* For example, a mutant 
transferrin hal£~molecule which binds iron mure avidly 
than aafcural transferrin can fee produced by replacing 

15 the lysine residue at position 206 with glut amine 
<AftG-CA«> * 

The txansferrin-enceding » is cloned into a 
eukaryofic expression vector containing appropriate 
regulatory elements to direct expression of the DBA, 

20 A preferred eisSsaryotic expression vector is the 

plasmid pMJT described by Faimiter, R.O. sfc juU US87) 
mil 5fi: 435-443, This plasmid contains the 
metal lothionein promoter which includes transcription 
of the transferrin encoding mh in the presence of 

25 heavy metal and transcription termination signals of 
hujaaa growth hormone, m addition, pBOT contains 
dihydrofoiate reductase gene under control of the S¥40 
early promoter with transcription termination signals 
from human hepatitis B virus to allow selection in 

30 cell culture. The gene encodes a mutant form of the 
enxyme which has a 27Q~feld lower affinity for the 
competitive inhibitor methotrexate.. This allows for 
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the immediate selection of transacted calls in very 
Mgh concent rat ions <0»5 mM) of methotrexate and 
abrogates the need for a recipient cell line that is 
deficient in aihydrof olate reductase* pWJT also 

05 contains pOCls derived sequences which allows it tc be 
amplified in 1L. coli to provide sufficient amounts of 
the plasmd for transaction of recipient cells. 

The expression Teeter containing the BM encoding 
the transferrin is incorporated into an appropriate 

10 host cell. The preferred host cell is a eukaryotie 
cell which can he transformed with the vector to yield 
a stable cell line which expresses a functionally 
active transferrin construct* A particularly useful 
ceil is the baby hamster kidney ceil, Baby hamster 

13 kidney cells can be transfected with a vector carrying 
the DHA construct encoding a transferrin (such as the 
pHUT plasmid) to provide a stable cell culture system 
which expresses and secretes a functionally active 
transferrin <full or half~ssolecule> . These cells are 

20 well-seited for economical, large scale growth and can 
be obtained from readily available sources, 

Standard techniques.* such as calcium phosphate 
coprecipitation or elactroporstien can he used to 
transfect the enkaryotie host cell with the vector. 

25 The cell is then cultured under conditions appropriate 
to induce expression of the transferrin. For example, 
baby hamster kidney cells transacted with the pmjT 
vector are stimulated to express the transferrin 
construct in the presence of heavy metals. Baby 

30 hamster kidney cells are preferably cultured in the 
medium Duihecco's Modified Eagle's medium-Bam* s F-12 
nutrient mixture with the serum substitute tJltcaser ®« 
(Gibco) at about 1%. 
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After an appropriate culture period, the 
expressed and secreted transferrin can be recovered 
from the culture medium, Standard purification 
procedures can be employed to yield a substantially 

05 homogeneous preparation of the recombinant 

transferrin, la one embodiment, the transferrin in 
the culture medium is saturated with iron and then 
purified by anion exchange chromatography. 

The recombinant transferrins of the invention can 

10 he used to chelate and clear iron or other toxic 

metals from the body. The customary approach to iron 
chelation ia xiSft has been to assess a wide variety of 
naturally-occurring siderophores of microbial origin 
and synthetic iron chelators for their physiological 

15 effects, primarily the ability to hind and clear iron 
from the body, Many such compounds have been studied 
with varying abilities to clear iron and often with 
unacceptable side effects (Pitt, C,G. fit &U (1*79) 
imJaJte, 2fiftm-2tft).. As a result, the only 

20 iron chelator used for clearing excess iron from 
humans remains deferoxamine, a cyclic peptide from 

A preferred transferrin for iron chelation 
therapy is a mutant transferrin half -molecule which 

25 binds iron more avidly than natural transferrin. The 
use of a mutant half-molecule allows for more 
efficient chelation and removal of the metal, h 
particularly preferred mutant half "•molecule is X206Q, 
described in the Exemplification below, which contains 

30 a glutamine rather than a lysine at position 20S. 

A transferrin half-molecule is advantageous 
because unlike the holo-proteias, it passes through 
the glomeruli of the kidney and is excreted in the 
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urine, so that metal is not only chelated but also 
cleared from the body. Moreover , the single 
half~aolecul«s do act bind to transferrin receptors on 
the nwsjsbrane of 'tissue cells and therefore do not 

05 deliver iron to theses tissues. Further, 

half -molecules of human transferrin would probably ho 
recognised as "self*' by the human body and therefore 
would not elicit an immunological response, 

In addition, mutant half -ml&mlm cm he 

10 designed to h&v® altered metal ion selectivlties. The 
chelators could he used to clear other toxic metals 
from the body, e.g., lead, mercury, cadmium, copper 
and sine, 

For chelation therapy, the recombinant 
IS transferrin is administered to a patient In amo»nts 
sufficient to chelate the metal and reduce circulating 
levels beio*? foadc levels, Sener.«lly> it is 
administered in a physiologically acceptable vehicle, 
such as saline, by a parenteral route (typically 
20 intravenously). 

Recombinant full-length human transferrin can be 
used in nonserum supplements for cell culture media. 
Transferrin is required for iron uptake by growing 
cells. The use of recombinant transferrin avoids the 
25 risk of contamination (with, e.g., HIV or hepatitis 
virus) associated *?lth transferrin purified from human 
serum. 

The invention is illustrated further fey the 
following exemplification: 
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Production of Recombinant fraasferriR Half- 



05 T4 BM Hgase, mh polymerase l (Klenow fragment) 

arid T4 polynucleotide kinase were purchased from 
J»harraaei.a~*S» Biochemical*. Restriction endonucl eases 
were purchased f rom PharsaaciaHPX* Biochemical® and 
Bethesda Research Laboratories, Oligodeo&yrifeO'"- 
10 nucleotides were synthesize on an Applied Biosystems 
3B0A mh Synthesiser. nitrocellulose filters were 
obtained from Schleicher and Schtieii, 3*P-iafeeled 
nucleotides from Urn England Unclear, goat anti-human 
transferrin antiserum from the I 
15 formalin-fixed &^&xls&^ 

Laboratories, the P rot oh lot 
detection system from Fromegs, the 
oHgenucleotide-directed mutagenesis kit from 
Asnershaa, Dulbecco's modified essential medium and 
20 fetal bovine serum from Gibeo, and anti-human 

transferrin monoclonal antibody HTF-14 was from the 
Chechoslovakian Academy of Sciences. All other 
reagents were analytical grade or purer. 



25 isolation of B ux om flOTww yfraaff fatlftt fhTF) JM < 

A human liver cDNA library constructed in the I... c©li 
expression vector pK«18 (Frochowaik, B,¥, e± al,. 
{1583) Bial . C heau ,gM:8389-83S4) provided by Br, 
Stuart orfcin, (Harvard University) was screened using 

30 a synthetic oligonucleotide coding for the 
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amino-feerminal sight amino acids of serum hTW as a 
hybridisation probe , The oligonucleotide c< 
to nucleotides 88 to 111 of the hTF cDKA sequence 
reported by Yang, F. fit (1984) MfiJUtLiai 

OS Sci, tis2?5a~2?S.S>» The oil gonticieo tide was 

end-labeled with f4 polynucleotide kinase and 3a P~-ATP 
<Chaconas, G. and fla Saade, J„H» (XfSfH) MMt 
EnyyiBol. jg£:?S-«&), and used to screen approximately 
10* coXonies. Restriction endouuclease mapping of 

10 positive clones and BB sequence analysis were 

performed by using standard procedures with P0CX9 and 
Miami* vectors, respectively {Maniatis, T, g.t .1.1.,. 
(is 82) mi$zi\l£x...£lQmm* a laaifea teaal» cold 
Spring Harbor Laboratory, Cold Spring Harbor, ffit* 

XS Messing, a, (1933) Methods Bnsywol. lfiIt20-7'8; Sanger, 

F. at iJU (197?) Emc, «aftl^...Ac.a6, $oi> » 

M: 5463-546?) * 

Ss%£&galmJ^^ The 

eukaryotie expression vector pWJT (Pslaifcetr* R.B, ejj 
20 .aJU (1987) Cell (Carriage, JMA) Ms43§~443} and baby 
hamster kidney (BMK) cells were provided by sr s 
Richard D. Palmiter {Howard Hughes Medical Institute, 
tJniversity of Washington), After synthesis, 
oligonucleotides were purified on Cxg reverse-phase 
23 columns <Sep-Pak, Waters Associates; Atkinson, 'T. and 
Smith, m. (1984) Qllgo^cl^g.fcM^...gyi;th.^sIs..; A 

£SM^iSJ_L..MPXaj..gh (Gait, Ed,) pp 35-81, xkl 

Press, Oxford), Site-directed mutagenesis was 
performed by using the method of Taylor, J,w> ej; 
3Q C19SS) lmSl&iS™MM^^a^ 23 ; 8749-8764 ) , Plasmid DMA 
was prepared from 1L. s&LL dMlOS. and purified by two 
successive centrif ugatieu steps with cesium chloride 
density gradients. 
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BHK cells were grown in Dulbecco's modified 
essential medium {BWBK> with 10% fetal bovine serum to 
approximately 10? cells par I0~cm dish and were 
subsequently transferred with IQug of plasmid fey the 

05 calcium gbosp&afc© ca~precij?itation technique described 
by Searle* p.f. M AL, (IMS) «stl , C»Ut Biol., 
1:148.0-1489) « After 24 hours, the medium was changed 
to DMKK containing 180 |M methotrexate <MT3E) and 
surviving cells were serially selected to 500 yH MS. 

10 in some experiments, cells were selected immediately 
with 500 MTX. &arge scale roller bottle cultures 
were initiated by seeding approximately 5 x 10? cells 
into each 8S0 cm 2 roller bottle containing 100 mL of 
Cultures were induced at §0% confluence by 

B the addition of «nS0 4 to the medium to a final 

concentration of 0.08 m. The medium was harvested 40 
hours later, 

Irr^me-precipi^tioa m£JmSmZLMm&m * 
Iispune-precinitation of cell culture medium and cell 

20 lysatee was performed by the method of ¥an Oost, B.h, 
§.t JUL. (1386) Modern, Ceil Biol.,. M;S§9~?0S), 
Precipitates were analysed fey electrophoresis on. 12% 
polyacxylamide gels in the presence of HaDodSC^ 
(X»aeaaali» U.K. (1970) fiafcace (Loudon) 222 5 680-685) : , 

25 followed fey ©lotting onto a nitrocellulose membrane. 
The blot was incubated in PBS containing 0.1 sag/ml 
gelatin, then treated with goat anti-hTF antiserum 
{250-fold dilution in PES), and finally developed with 
an alkaline phosphatase-eonjugated, rabbit anti-goat 

30 l«G antibody according to the supplier's instructions. 
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$mim,.Mi$„ ,g»frgfci*ufeiaa » To incorporate 

3-f luo ro tyros ine into the recombinant hTT/2® as a x % 
MSR probe, the culture medium was supplemented with 
S>, L~s*~f luorotyrojsine (Sigma Chemical Company) at 16% 

05 of the concentration of L-tyrosine is the medium. The 
cells grew m well on fc&ls medium as on the medium 
lacking B, f luoro tyrosine * 

XJL&liyUL^ . Ha rves tod 

culture medium was made 0,01% is phesylmefehylsulfonyi 

10 fluoride to Inhibit proteases ana sufficient 

Fe<III){HTA>2 was added to saturate all transferrin in 
the medium. After stirring at room temperature, the 
solution was diaiyaed for 24 hours versus cold running 
tap water, and then for a tm hours versus Hilling 

15 purified water* Concentrated Tris-HCl huiim, pH S„4 
was added to a £ isal concentration of 5 t$M* the 
preparation was centrifuged to remove any debris, and 
was loaded onto a column (2.5 x 80 cm) of 
0EAE~Sephscel (Pharmacia) eguilibrated with 10 m 

20 Tria-HCl buffer, pH 8.4, 

The column was then eluted with a linear gradient 
of maGl {0 to 0,3 M) in the same buffer. Fractions 
showing a pink color were analysed by HaDodSQ^SfcGE, 
and fractions containing the recombinant protein (Mr 

25 3? f Q00) were pooled. Such fractions also contained 
bovine transferrin and albumin resulting from the 
fetal calf serum in the tissue culture medium, After 
concentration of the pooled fractions to 5 Mb on an 
Ami con «~10 membrane, the protein was chromatography 

30 on a column {2.5 at £0 cm) of Sephadex c~?S Superfine 
{Pharmacia-PL Biocbemicais) equilibrated with 100 rsM 
a»oaiua bicarbonate. 
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ch r. cms t og r 3 p sic s t a o through 
this column was ueeessary to resold® completely the 
ftTF/2H from the hovine proteins. At this stag®, the 
was usually < 1-0, indicating the presence 
05 of ® contaminating heme-protein (possibly hemopexin} . 
The hTF/28 was finally purified to homogeneity hy FPhC 
on a column (X x 10 cm) of Pelyanion SI (Pharmacia) 
using a linear gradient of n&Cl {0 to 0.3 ME) in 50 mM 
Tris-BCl, ?H 8J over a period of an hour at a flow 
10 rate of Iml/toin. Fractions of I A were collected. 
Two to four protein hm&® emerged fmm the column, 

iron-binding status of the protein, 
| was performed with 5% to 12% 
gradient gels and ur«a~HM*B was performed according to 
15 a modification {Brown-Mason, A. and Woodworth, R,c» 

■D.fl. ana Seal, <x$?fi> ii^&kl m .,....ilgBte^J^ 
-i52Lj250~SS56 procedure. Elect rofoeusing was perforated 
on a 6% to S0% sucrose gradient its a 110 m f lass 

20 column ttdCB) with 0.8% Pharmaiyte, pH 5 to $ 

(Pharmacia) . The column was prefocused overnight to a 
final current of 2 n& at 1D00 V, 

The protein sample in 0,2 sat, was diluted with S 
m* of solution withdrawn from the middle of the 

33 gradient. The sample was then reinjected into the 
isodense region of the column and focusing was 
continues" for 24 hours. The gradient was collected 
from the bottom of the solum® in 1*5 mL fractions, 
Individual fractions were analyzed for & 2 S0 for 

30 pH. Fractions with maximum A 2 80 ™*™ selected as 
representing the pis of the apo- and iron-saturated 
proteins . 
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Iron was readily removed from the iron-protein fey 
incubation in a buffer containing 1 m NTA, 1 m edta, 
0,S K sodium acetate, pH 4.9. The apo-protein was 
concentrated to a minimum voXurae on a Cent r icon 10 

OS (Amieon), then diluted ana reconcentrated twice with 
water ana twice with s.l h KOL The »8CHR£0tc$a had a 
tendency to precipitate in pure water, but redissolved 
readily in 0*1 M £C3u .The apo-protein was made 10 mM 
In SaHCO? and titrated with a suitable concentration 

X0 of Fe{KTA>2 while monitoring the afesorbanee at 48S », 

A cOBipetitive solid state immunoassay was used to 
assess the concentration of recombinant hTF/JJH in the 
culture fluid and at various stages of the 
IS purification (Foster, afc (Jitt) ^s^^Ma 

■Mi 649-661). Proteolytics lly-derived Fe~hTF/2£? 
(Unefeack-&ins, 3, and Brew, K. (1980) jLfcJBial*JS&^ 
a&&:708-713) was radioiodinated (Fraker, and 

20 Jift« 849-857) with Xodogen (Fierce Chemical Company) and 
used as the standard. The monoclonal anti~hTF 
antibody HTF-14 was used as the probe (Bartek, *S» ftfc 
JUU U9M) Eolla. ®MlU {Prague) l&t 137-140)* This 
antibody recognises only the amino-teradnal lobe of 

25 hTF (Mason, A.B, JO*. (1SS8) Br .. q» Haem atol , 

392-393) and does not recognise bovine transferrin 
(Penhallow, &«C> jgJU <1986) J. Osli. Phys^l T 
12ft ! 251-260) . 

teij3g."^iMla§.l...gfi.m^i^^4attelg.. The 
30 amino- terminal sequences of both the minor and 

ma j or- f crass of recombinant hTF/28' were determined on 
an Applied Siosys terns 470A Protein Sequencer in the 
Given Analytical Facility at the University of Vermont. 
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The presence of 
oligosaccharides in the secoafcinanfc was 
determined fey staining the protein with periodic 
acid-Schiff reagent {Fairbanks, 0, al*. (1971) 

and fluorine SHR spectra were obtained on the 5.872 
Tests Broker KM S8R spectrometer in the Csmiile and 
Henry Breyfns HM8 Laboratory, Department of Chemistry, 

10 university of Vermont * operating in the Fourier 
transform mode with «3uaarature detection * An 
probe was provided by 0r* Christopher w. Alias of that 
department. For proton spectra, spectrometer settings 
were as described previously- <V«2cour, and 

IS Woeaworth, R.C. <X98?> SiiSStolafeXX 3120-3125) . 
For 1»F spectra, the smeep width waa 30,00.0 H*, the 
acquisition time was 0*27? seconds, a receiver delay 
of 2*0 seconds intervened between acquisition and 
pulse of 2S.0 la {90* > and the s staple was at 303*i« 

20 chemical shifts are relative to 0,1M 

trifluoroacetic acid in % 2 G, Protein samples were 6 
to 8 sb? ia 0.1 sa of §9*B atom% *H 2 0, end spectra wore 
run on these samples in 0*1 n& capsules inserted into 
standard 5»» tubes containing S H 2 0> Free 

25 induction decays of 1S F spectra were subjected to a 
line-broadening of 10 Hz prior to Fourier 



RESULTS 

isolation of Human TF cDUh . Approximately 
30 100,000 colonies of a human liver cDHA library 
(Prochownik, E.V. iiX* {1983} ,a, t „„,BiaI^^^L t , 
211:8389-8394) were screened by using a 24 base 
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oligonucleotide to the 5 5 sequence of the toman TP 
cSft m a hybridisation probe, A single positive 
colony was obtained, Extensive restriction enayme 
mapping of the plasmid isolated from this clone agreed 
05 mmp lately with the patterns predicted from the human 
TF cBim isolated from the same library by Yang, r, j& 

< 19 B4) ^awE^^AaS^^US^i« i «J^^ &ls 2732-2756. 
BISA sequence sua lysis of tfee 5'- asid 3 '-termini of 

20 full-length clone isolated fey Yang et si* All 
subsequent sequence analysis perforata during the 
mutagenesis ana. sebclening of this cDKA conformed 
exactly to the sequence reported previously., 
f&s.ter Contraction sad Sxpresgiott* two 

IS transiaf ieosl atop eodons sod a unique HindXIX 
recognition site were introduced info the linlsex 
reqion between tbe amino- ana earboxy™ terminal ^otsains 
of the bTF c&8& sequence by oliqonucleoti&e-directed 
mutagenesis* Tbe predicted translation sequence from 

20 this construct ends at Asp«~33?, f according to the .serum 
hTF numbering sequence {MacGilllvray, R.T.A. et al. 

The expression vector pWT (Pslmiter, R,D. at nl f .. 
(1987) £eH (Cambridge, Ma.} 5fit;435-443> contains a 

35 mouse wetallothionein-l/human growth hormone gene 
fusion that has been shown to direct high levels of 
human growth hormone in transgenic mice (Palmiter, 

St Al*. (1S83) jscisasat (Washington, D.C) 
MZ*W~B14). Important functional features of this 

30 vector include a mouse met a 1 lot hi one! n-1 promoter to 
induce cDHA transcription in the presence of heavy 
metals, pOC.18 sequences to allow replication and 
selection in JL. fflfeli, and a dihydrof elate reductase 
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(DHFR) eDSA driven by the OTO early promotes to allow 
selection in cell culture. The DBFS cDKA encodes a 
mutant form o£ thm anaysie whieh has a 2?o -fold lower 
affinity for the competitive inhibitor methotrexate 
05 (HM) (Sisssonsen, C.C. s»a Laviwson, A.B. CIS S3) £rog, ? , 
j^a,, Acad, Sci,. UB& M:24?5~2499). This allows for 
the immediate selection of transfected calls in very 
high concentrations <0.5 m) o£ MTX and abrogates the 
need for * recipient cell lifie that Is deficient in 

To . 

ft 

isolated {Figure 1). h 
H»aIX-B«aHI fragment from the origins! transferrin 
IS cwm clone was also isolated {Figure 1), These two 
fragments were then ligated into H13iapl8 ripUcativ* 
form mk that had been cut with &eeX and MiaaxiX, 
Eeplicativa form OSA from the reuniting M13 phage was 
isolatea* mm insert released by cleavage with »al 
20 and Hin&xxi, and the ends ssa&e fclunt ended. These 
stags ensures that the fragment included the 
translations! stop signals, retained the natural 
signal sequence for the protein, ana was free of the 
dQ/aC tail found in the original vector (Figure 1) . 
25 This fragment was inserted into 8mal~c«t pOTT, thus 
replacing the human growth hormone gene with a hTF/SH 
encoding mm, hut leaving the transcriptional 
termination signal from the growth hormone gene 
intact. This plasmid was transacted into BHK cells 
30 ano the resulting transtormants were selected in the 
of MTX. 
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To analyse the mBm transcripts produced by the 
transfeefced BHK cells,, total SSEA was electrophoreses 
on an agarose gel in the presence of formaldehyde 
(Maniatis, T. £j£ £U Ci»§3> |felftgs3:,gx...ClgMag. t -.,a 
OS iitt bcaato.«y Manual y Cold Spring Harbor Laboratory* Cold 
Spring Harbor, hy)» After transfer to nitrocellulose, 
the Mot was analysed by using an oligonucleotide to 
the 3 5 untranslated region of the hGH gene as a 
hybridisation probe* to inducible mm of 
10 approximately 1.4 kb was detected in tbe transfected 
cell line but not in mock-infected BHK colls Cdats not 
shown) . This agreed with the predicted siae cf the 
hTF/2S «8H&, including tbe expected h<3H 3* 
untranslated seguenea and poly (h) tail, 
15 to analyse tbe polypeptides produced by the 

transformed BHK cells, Western blot analysis was 
performed both on cell lysates and the medium of 
various cell lines (Figure 2) . Samples of BHK cells; 
3H$£ cells containing tbe h<3H~pM!T plasmift, and BHK 
20 ceils containing tbe bTF/2M~pMJT piasmid were grown in 
DHEH (BHK cells) or BMEK-MTX {SHE ceils containing 
PHOT vectors). When tbe cells were reaching 
conf luence, samples of medium, were taken and cell 
lysates were prepared. Tbese samples were incubated 
25 successively with goat anti-hTT antiserum and 

formalin-fixed &^ -juuasa& cells (¥an Cost, B.A. al. 
{1986) M&eMSLwC^U™MaU MS6S9-705). 

Bound proteins were eluted by incubation with 
8faD©aSQ4, electrophoreses on a polyacrylamide gel, and 
30 transferred to a nitrocellulose membrane. The 
membrane was then incubated with goat aati-hTF 
ant i serum and rabbit anti-goat issauaoglobulin 
conjugated to alkaline phosphatase. When ceil lysates 
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or medium from BBK cells (Figure 2, lanes la ana lb) 
or BHK cells with hSH-pTO plssmid (Figure 2, lanes 2a 
and 2b) were analysed, only the expected goaf 
immunoglobulin bands {Mr 25,000 ana 50,000} from the 

05 original goat anti~hTF antibodies and a small a»ur.t 
of cross-reacting material were observed. However, an 
additional band of Mr 37, .000 was observed in cell 
lys&tes (Figure 2, lane 3a) or medium (Figure 2, lane 
3b) of the BBK cells containing the h$F/2M~pm3T 

IS piasmid, The molecular weight of this polypeptide 
chain is in excellent agreement with the molecular 
weight of the WP/28 molecule (3?, 833} calculated from 
the amino acid sequence. 

The homogeneity of the hTF/as product indicates 

15 the successful removal of signal sequence as cell 
lysate and secreted samples eomigrate on SDS~S*GE> 
The anti-serum appears to be highly specific for human 
TP species, since little bovine TF is apparent in the 
precipitates* 

20 In large scale cultures of the hTF/2B cell line 

grown in roller-bottles, the concentration of hTF/2S§ 
in the medium was approximately 10-15 ug/ml as 
detected by radioimmunoassay. 

25 .hTF/2W, Becombinant hW/m was purified by a 
three-step procedure that lea routinely to an 80% 
yield of the major form of the protein, based on 
radioimmunoassay. The final purification on Poiyanion 
Si lea to quantitative resolution of the apo- and 

30 iron-satu rated forms of both the minor «5%> and major 
constituents of the protein (figure 3, panel A)* as 
corroborated by urea -PAGE (Figure 3, panel C) » note 
that on urea-FAGS the slowest moving bands are 
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apo-hTF/2« ana the faster moving bands are Fe~hTF/2K. 
SDS-PAGE gels {Figure 3, panel B) sho^a the major and 
minor forms of recombinant hTF/2^ to be monodi sparse, 
of egual molecular weight and the major component to 
05 be free of carbohydrate by ms stain (data not 
shown}- 

Ik general these preparations appear to hav« 
bettor monoaispersity than proteolytieally derived 
hm/2® CMneback-Sins, J* and Brew, E* <1980) iLwMoL*. 

10 Shmu. 2^:708-7X3) (Figure 3). For example, the 

chromatographic peaks are more regyiar for tbe former, 
and the number of hands cm urea-PAGE is greater for 
the latter, Speetral ratios for the Iron-saturated 
recombinant protein are typically &2 80^*465 **21 and 

1S A4§§/A 4 x0 * 138, which compare favorably with values 
for pare fiiferric transferrin isolated from human 
plasma. Titration of 3*68 salts of the 

apo-protein with Fe(KTA>2 yields a slope corresponding 
to an E 4&5 tm * 2,1 ana gives for the apoprotein 

20 S$gaa*t m ' (Figure 4>, both reasonable values for a 

half -transferrin molecule {Linabaek-zins, J* ana Brew, 
X. (Wm$ S^M^J^m^ . 708-713 j lafe, Q. gt iL 
(1983) M^Ma^lio^S^,,teta, atau 490-4 3S) , The pi's 
for the apo- and F«-bTF/28 were 6»S and 5.4, 

25 respectively, 

Amino- terminal sequence analysis of tooth the 
minor ana major forms of recombinant hTF/2S gave 
results identical to those found {MaeGillivray, E„T»A« 
at JO* <1§83) J.. Biol, Cheffi. 25ft:3543~3553> for 

38 holo-hTF from serum (Table 1), 
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The proton mm spectrum of the recombinant 
protein (Figure S) is very similar to that for the 
proteoiytically-derivefl hTF/ats <¥alcour, A, A, sufi 
woodworth, R.C. (1987) BiflS^fiffiiato Zi:3i20-.3l25), but 
05 the resonance lines are sharper for the recombinant 
psoteiru The 8H& spectrins of the protein derived 
from a cell culture grown on medium supplemented with 
w-F-tyrosine (Pigwe 6). «*0N» torn well- resolved 
resonances, two possibly having *n unresolved shoulder, 




pcr/mn/wm 



By using recombinant DM technology, a HOT/2H 
molecule is produced that functions identically with 
the prefeelyticaily derive species as judged by 
several independent criteria. This represents the 

05 first reported expression in a stable cell culture 
system of e functionally active form of this important 
iron transport protein. 

The pWJS based hTP/28 construction described bare 
produces nigh levels of recombinant protein without 

10 the need for a »Hyp~da£ieient cell line or tedious 
resistance amplification procedures, bhk cells sre 
well-suited for economical, large scale growth and we 
are currently examining their growth characteristics 
on micro-carrier supports in bioreactor vessels* By 

15 using either roller bottles or a £ ermenter with a 
capacity of several liters, we ess easily produce 
sufficient recombinant protein even for fechnigues 
such as mm that traditionally have required « high 
concentration of protein, 

20 The minor form of recombinant hTP/28 isolated on 

Polysnioa SI migrates more slowly than the major form 
on nrea-PAGE {Figure 3, panel C), but at the earns rate 
on SD$-?AGE (Figure 3, panel B>. Thus, the apparent 
molecular weights are the same but the relative 

23 degrees of unfolding in 6 M urea differ. Bote that 
the proteolytics lly-derived apo»hTF/an shows even 
faster migrating species in 6 M urea (Figure 3, panel 
C, fractions g and h>> 

Contamination of apo~hTF/2N with Fe-hTF/28 and 

30 vice ^ersa on these gels arises from the method of 
pooling FPLC fractions, from some loss of bound iron 
on the urea gel and from binding of contaminating iron 
during workup of the FPbC samples. Identical 
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N~terrainal sequences (Table X) shew that the signal 
peptide has been t«ofM from both minor ana major 
forms of the recombinant protein, As in hTF/2® from 
human mzvm {X.i»eback~35ins* 3. and Brew, K» C3J80) £*. 
05 lisX^aMI*. 3LSS.:?08-T13)>: the recombinant UTF/2S is 
non-slycosylsted. The cause of the difference between 
major and minor forms of hTF/2H is unknown at 
present. The minor form lies never represented more 
than 5% of the total recombinant protein and is 
10 usually less than X%. Thus, the goal of isolating a 
; hTF/2N {the major form) has 

iron hindins behavior, pis* migration on 

ucea-Sft&S and proton H spectra of 
IS the recombinant »/2S oatch reasonably well those of 
the &TF/2H derived from amino terminal monoferrie hTF 
fey proteolysis with ihermolysin {Linabaek-21ns* & »■. and 
Brew, K. C19S0) &U8&0£*...!Stom.* ■ 25&470«^713^ falconry 
A»A. and Woodwerth* LC, U»S7> M^ShmiJlte 
20 Ms312S~3I2S>, except as noted above. The major form 
of the recombinant protein shows a higher degree 




proteolyticaily derived hTF/2JS»- 
insufficient minor form for analysis by mm. 

Previous studies of the incorporation of 
m~fiuprotyrosine into alkaline phosphatase from 
mil have established the efficacy of i§ F SHR for 
specifically probing the tyrosyl residues in a protein 
{Sykes, B « D ». st jlU (1974} l£ag^^tl,....^C.id..t.....gM.,....l?gA 
2is4S9~473? Bull, W»E« and Sykes, B.D. (1374) 
Biochemistry lit 343 1-3437} * Incorporation of 
aa-P-. tyrosine into the recombinant hTF/2E proves that 
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selective amino acid substitutiou is possible |» this 
call culture system and gives us access to a specific 
KMR probe of iyrosyi side chains, this preparation 
behaves in all respects like the non-modif ieS protein 

05 as described above for the non-substituted 

recombinant* When w© have optimised the ceil culture 
conditions to achieve higher levels of incorporation, 
changes in the i§ P wm spectrum en addition of 
paramagnetic and diamagnetic metals and on changes in 

ID $M will be useful las studying the fyrosyl residues 
specifically involved in metal binding . Incorporation 
of selectively deeterated aromatic amino acids will 
allow us to dissect the aromatic region of the proton 
MSI spectrum of the protein in similar fashion to the 

15 studies on lysosyme from ^Japanese gusli {Brown-Mason, 

*. ■ m mm a* Mm^m^ ^tim^mm^ 

1%. Production of Recombinant Transferrin Half- 
Molecule Comprising Carfeosey Terminal kobe. 

Aft BcoM restriction fragment including the 
20 coding sequence for the car boxy lobe of hTF was 

isolated from the full length hTP cS?m and then used 
as a templates for PCR~di rected mutagenesis (Figure 
2), Two oligonucleotides were synthesized to fee used 
as POl primers, Oligo 1 encodes a goal recognition 
25 site, followed fey sequence encoding the natural signal 
sequence of hTF, followed by sequence matching the 
coding sequence for amino acids 334-341. The second 
oligonucleotide matches the complement of the 3' 
nontransiated region of the hTF cD®A and introduce a 
30 Smal recognition sequence 3* to the normal translation 
termination site ^nucleotides 2125-212? using the 
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numbering system of "Xasf, *. .fi&< al*. CXSM) toSLuJLatl*. 
Mftfl*JB^-JHS& m: 2752-2756)* Twenty-five rounds of 
PCR amplification using Tag polymerase {PerMn Elmer} 
resulted in the desired CSA fragment which splices the 
natural signal sequence of hTW to the C lobe coding 
sequence* This fragment was then digested with 5§mal 
and ligated with the large BmaX fragment of pro as 
for the HXF/2H expression sttiSiss, 

ill. Production of Recombinant Fall bength Transferrin. 

The coding sequence for human serum transferrin 
was assembled from restriction mzym digestion 
fragments derived from the full-length 0BH& clone 
isolated from a human Xim library described shove. 
Since the parental plasmid <fKT~218) of the original 
clone had s limited number of unique restriction 
ensyme recognition sites, a series of cloning steps 
was -requires to introduce the cooing 
convenient vector* This process was initia 
cloning a HpaXX/BsmBI fragment from the 5' end of the 
<am into the vector ptJC 18 (Messing, J, (X9S3) mtS&u 
Wti&mvl, m: 20-28) ♦ The resulting uXssmid was 
digested with BamHX and HindXXX and s BamHX/Hin&XXX 
fragment from the human transferrin cBH& was cloned 
adjacent to the initial fragment, The resulting 
nlasmid was then digested with Hindi II and PstX and a 
final HiadXII/PstX fragment from the 3* end of the 
transferrin com was cloned to complete the assembly 
of the full- length coding sequence. Digestion of the 
resulting plasmid with Sac! and SphX released the 
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full-length coding 
fragment which was 




as a single restriction 
Alj made blunt using T4 



BHA polymerase and dOTs and then clones into the 
large SmaX fragment of pSOT (Palmiter jssjfc jelL. (198?) 

OS SfiU as described for the m~ard C-tersiMl 

transferrin ha If -molecule coding sequences* 

Plssmld DMA was prepared from SU fifoli 0M1SS and 
purified by two successive cent ri fug at ion steps with 
cesium chloride gradients* Baby hMBfcM kidney (BHK) 

10 cells were grown in Buibeeeo's Modified Eagles* 

medlusHBam's nutrient mixture {DMEM~F~X2> <Oibco; 

Signal with 10% fetal Bovine serum to approximately 
ID 7 cells pax 100 mm dish and were subsequently 
transtected with 10 ul of plasmid by the calcium 

IS phosphate coprecipitation technique described fey 
Seerle Ml il, mm} Ml^MlXMsO^ &tX4m~Mm * 
After m hours the medium was changed to DM!H~F~i2 
containing S00 *M methotrexate to select the plasmid 
containing cells. Once selected, the cells were 

20 serially passaged at approximately S0% eonflueney with 
phosphate buffered saline containing EDTA (0,2 gm/X> 
to five X0O~sa® dishes, then to five T-175 flasks and 
finally to five expanded surface roller hot ties (2Q8 
ml each).. At the T~X?$ passage, a serum substitute* 

25 yitrasar G (Gihco) , at a level of 1% was used in place 
of fetal calf serum in mam-V-12 lacking phenol red. 

It was found that once production levels were 
high {approximately 100 pg/mi of medium), medium 
without Vlt raser G could sustain production of 

30 recombinant protein for at least two passages, this 
greatly simplified the isolation of the expressed 
full-length recombinant human serum transferrin. To 
isolate the recombinant protein, harvested culture 
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medium is made 0*61% with respect to 
pheuylmethanesuKonyl fluoride ana sodium aside to 
inhibit proteases and bacterial growth respectively , 
Sufficient Pe3+ (uitrilotriacetic aeid) 2 is added to 

05 saturate fha transferrin present, The. mt&iu® is 
reduced in volume to clO ml and the transferrin is 
purifies by passage ever as anion exchange column 
{Polyanion SI » X x X0 cm) as described for the 
recombinant amino terminal human transferrin 

m half-molecule. See above. 

The isolated recombinant full-length human serum 
transferrin displays some heterogeneity on this column 
attributed to variation in the glycosylation pattern, 
The protein ia monodisperse on BaPod 

IS S0 4 ~polyaeryiamide gel electrophoresis and has a 
spectrum and spectral ratios which are comparable to 
purified human serum transferrin, 

I¥. Production of M»ta»t Transferrins. 

Substitution mutants are designated using the 
20 conventional single letter amino acid symbol of the 
wild type {native) residue, followed by the positional 
number of the replacement in the primary sequence, 
(where valine of the mature protein is designated 
position 1) followed fey the symbol for the replacement 
25 residue, tor example, a mutant in which aspartic acid 
residue at position S3 is replaced by a serine residue 
would be designated X>63S„ 

The production of hTF/28 mutants was accomplished 
by two techniques. & 0S1S substitution was prepared 
30 using the method of Selson, R.M. and Long, G.L. (1989) 
Analyt. Bioehem, iM; 147-151. Briefly, a Bpalx/BamHl 
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f ragssent from th& 5" end of the &TF./2S coding sequence 
was subcloiied into oliClS and then used as a template 
for a two stop FCB-based mutagenesis procedure. The 
resulting fragment was then recloned into M13mp.l8 

OS ana the sgpeneg of tfta mtmt cons tract ion was 

confirmed by dideoxy sequence analysis. The fragment 
was then released £ rem the doable stranded form of the 
sequencing vector by digestion with Steal end SSsmHl ana 
then ligated to a BaM/HissdliX fragment from the 

10 original hTZ/2* construction to produce a full length 
»8XS~nTF/2B coding seguenca* the fidelity of this 
splicing was confirmed by restriction digestion 
analysis and was subsequently cloned into pMJT as 
before, 

IS •y&ss substitution mutants a«5&, &20$® and 

E207E were produced by subcloning the entire hTF/lB 
coding sequence into M13ropl8, which was then used as a 
template for oligooueleotide-di reefed mutagenesis 
{Roller, M*o\ and Smith, M» <ig»3) «&fcfo.,....8ngymo%., 
20 lfift:458-500> using the dut~% ung~ selection procedure 

(Knnkel, T,A, (X98S) j&w, m&l* Wt&Om 

&r40a~492). Following mutagenesis, the entire coding 
sguenoes was confirmed by 
analysis using sequencing primers 
25 targeted along the length of the ceding 
250 bp intervals. The desired coding 
then released by restriction digestion, mads blunt and 
inserted into prnsr as before. 

P*OTT plasmids have been constructed containing 
30 the cDKA a) for full-length human serum transferrin 
(hTP) and b) for various site-directed mutants of the 
amino- terminal half-molecule <hTF/2K> . These mutants 
include 1) D63S patterned on the naturally occurring 
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mutation found in tim Oterroinal half of toan 
melsnoferrin, b) G658 patterns on the naturally 
occurring mutant found in the C-terminal half of hTF 
from a patient in England, c) K206Q based on the eIM 
05 type mutation in the C~terainal half of ovotransf errin 
(oTF) from hen's egg white, d) H207E based on the hAM 
type mutation in human, lactoferrin (hLTF) and e) D63C 
as an attempt to chmm the metal selectivity of the 
iron binding site. All of these constructions have 
10 been expressed in stable trans forroants of baby hamster 
kidney cells in 10 to ISO mg amounts of recombinant 
protein, In addition pMJT sUM have been 
constructed containing the full length com for oTF 

for hTF/2H-oTF/2C and ©TF/28-hTF/2C « 
1S Characteristics of the site-directed mutants 

mutant does bind iron (contrary to 
in the literature) but much less avidly 
than the wild type protein. For instance, this mutant 
loses its bound iron on electrophoresis in PAGE gels 
28 containing 8 H urea, whereas the wild type retains its 
bound iron. The maximum in the visible spectrum lies 
at 422 m i» contrast to that or the wild type at 478 
jp, The G65» mutant binds iron less tightly than does 
the wild type and has a visible 'maximum at 470 nau 
25 The K20SQ mutant binds iron much more avidly than does 
the wild type, as does its model, ©TF/2C. Whereas the 
red color of the wild type iron protein disappears 
<?ery rapidly in o.S W acetate buffer at pK 4,9, 
containing 1 m each of EDTA and RTA, the mutant loses 
30 no color at all and requires pH 4 and 1 m 
deferoxamine to release its bound iron. The 
apo~mutant appears to rebind iron more slowly than the 
wild type protein. The visible maximum lies at 460 nro 
for this mutant. 
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The full length recombinant hTP runs at the same 
rate as the serum-derived protein on SBS-PAGE. 

.Equivalents 

Those sr&illed in the art will recognize, or toe 
05 able to ascertain using »o more than routine 

experimentation, numerous equivalents to the specific 
procedures described herein. Such equivalents are 
considered to be within the scope of this invention 
and are cohered by the following claims. 
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CLAIM S 



1. A recombinant transferrin. 

3. A recombinant half-molecule of transferrin 

05 comprising at least the a^atai-binaing domain of a 

single lobe of transferrin. 

4, A transferrin half -molecule of claim 3, wherein 
the single lobs is the amino terminal lone of 
human serum transferrin. 

10 5, A transferrin half -molecule of claim 3, wherein 
the single lobe is the car.oo.sy terminal lobe of 
toast serum transferrin, 

6. A mutant transferrin half -molecule comprising at 
least the metal-binding domain of a single lobe 
15 of transferrin, the mutant having a stronger 

binding avidity for metal than the binding 
avidity of natural transferrin 

?. A mutant transferrin half -molecule of claim 6, 
which has a stronger binding avidity for iron 
20 than natural transferrin, 

8. A mutant transferrin half -molecule of claim 7, 

comprising at least the met a l~b lading domain of a 
single lobe of transferrin wherein the lysine 
residue at position 206 of natural transferrin is 
25 replaced with glufeamine. 
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9, A eukaryotic expression vector, comprising a 
nuoieic acid construct comprising nucleic acid 
encoding a transferrin or a transferrin 

half -molecule comprising at least the binding 
05 domain of a single lobe of transferrin linked to 

appropriate genetic regulatory elements for 
expression in an eukaryotic cell. 

10, A etskaryotic expression vector of claim 9 t 
wherein the nucleic acid construct includes a 

10 nucleic acid ®m®&im transferrin signal sequence 

linked to the nucleic acid encoding the 
transferrin or transferrin half -molecule. 

11, a eukaryotic expression vector of claim 10, 
wherein the single lobe is the amino terminal 

15 lobe of human serum transferrin, 

12, A enkaryotic expression vector of claim xo # 
wherein the single lobe is the eartay terminal 
lobe of human serum transferrin, 

13, A enkaryotic expression vector of claim S, 

20 wherein the transferrin half-molecule contains a 

glutamine residue at position 206 in place of the 
lysine residue of natural transferrin. 

14, A enkaryotic cell line transacted with the 
vector of claim 9, 

25 15. k baby hamster kidney ceil line transacted with 
the vector of claim 9. 
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16. A method of metal chelation therapy, comprising 
administering to a patient a recombinant 

half -molecule of traasferria coiagrisiftg at least 
the metal-binding domain of a slagle lobe of 
transferrin in an amount sufficient to reduce 
circulating levels of the metal, 

17, A method of claim IS, herein the metal is iron, 

m« & method o£ claim 17, wherein the transferrin 
ha if -molecule is a mutant which bind® iron more 
avidly than natural transferrin, 

19. A method of claim IS, wherein the transferrin 
half -molecule contains a glutamine residue at 
position 206 in place of the lysine residue of 
natural transferrin. 
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